Results: Open proximal anastomosis was performed in 22 patients (56%). In 24 cases (62%), grafts were anastomosed to the true lumen of the peripheral aorta. The early overall mortality rate was 3% (1 patient). Permanent cerebral infarction occurred in 2 patients (5%); and paraparesis, in 1 patient (3%). The KaplanMeier survival estimates were 91% at 2 years and 88% at 5 years. Conclusion: Our surgical strategy is associated with excellent short-term and midterm outcomes. Although further investigation is needed, this strategy may be useful for patients with chronic type B dissection.
Introduction
T he surgical strategy for thoracic aortic aneurysms has dramatically evolved since the advent of stent grafts. However, the optimal treatment for chronic descending aortic dissection remains controversial. It has been shown that endovascular treatment results in a new intimal tear at the end of the stent graft due to the narrowness and limited flexibility of the true lumen. [1] [2] [3] On the other hand, extensive surgical aortic replacement using hypothermic circulatory arrest is highly invasive, and its operative mortality remains high. [4] [5] [6] [7] Recently at our institution, we used a novel surgical technique, employing the left axillary artery for perfusion inflow. Perfusion was maintained at 400-600 ml·min -1 at approximately 23˚C during open proximal anastomosis. 8) In this series, the dissected abdominal aorta was replaced when its diameter was more than 40 mm. The graft was anastomosed to the distal true lumen whenever possible. 9) This study was performed to analyze, retrospectively, the results of our surgical strategy and to compare them with those reported in the literature.
Materials and Methods

Patients
Data of 39 consecutive patients who underwent graft replacement for chronic type B aortic dissection between August 2004 and July 2009 were retrospectively reviewed. Nine patients with chronic descending aneurysm that occurred after operation for acute type A aor-tic dissection were included. Four patients with proximal reoperation after thoracoabdominal operation for chronic type B dissection were excluded. Surgery was indicated when the maximum short diameter of the thoracic or thoracoabdominal aorta exceeded 55 mm. For patients with Marfan syndrome, surgery was performed when this diameter exceeded 50 mm. One patient required an emergency procedure for a ruptured aneurysm (3%). In the case of 6 patients (18%), renal failure was detected before the operation. Two (5%) of these patients were maintained on chronic dialysis. Two patients (5%) had a history of cerebrovascular events. The mean time period after the onset of acute dissection was 5.1 ± 5.0 years. Detailed clinical data are provided in Table 1 . Our institution approved of this retrospective study and did not require patient consent on the condition that the patients would not be identified.
Operative Techniques
The patients were anesthetized and intubated with a double-lumen endotracheal tube. They were then maintained in the right lateral decubitus position. An incision from the fourth to the sixth intercostal space was made (Fig. 1A) . In the case of thoracoabdominal replacement, the aneurysm was exposed with a spiral incision through the sixth intercostal space. When sufficient space between the subclavian artery and proximal end of the aneurysm was available, the aorta was cross-clamped. The left femoral artery and vein were then dissected. An infusion cannula was inserted into the femoral artery, and a drainage cannula was inserted into the femoral vein as the tip of the cannula was placed in the right atrium. Thereafter, a partial cardiopulmonary bypass (CPB) was initiated. The proximal aortic systolic pressure was maintained at 80-100 mmHg during proximal clamping. The nasopha r yngeal temperature was decreased to approximately 34˚C during the CPB. In the case of replacement of the extended descending thoracic aorta or thoracoabdominal aorta, the distal clamp was first placed in the middle of the descending thoracic aorta. In the case of replacement of the descending thoracic aorta, the intercostal arteries were usually not reconstructed, except in patients with Marfan syndrome. However, in the case of replacement of the thoracoabdominal aorta, [2] [3] pairs of intercostal arteries between Th8 and L3 were reconstructed. The flow rate in the lower body was approximately 2.0 l·min -1 ·m 2 during distal clamping. After transection of the proximal aorta, anastomosis was performed using a 4-0 or 3-0 suture and a felt strip.
Open proximal anastomosis was performed when the space for cross-clamping was not sufficient. In such a case, the left femoral and left axillary arteries were dissected. The pericardium was opened to expose the pulmonary artery and left atrial appendage. For perfusion inflow, a cannula was inserted into the femoral artery, and another cannula was inserted into the left axillary artery. For perfusion outflow, a cannula was inserted into the pulmonary artery. After initiation of the CPB, a venting cannula was inserted into the left atrium through its appendage. The flow rate in the left axillary artery was maintained at 1.0-1.5 l·min -1 during the cooling period. When the nasopharyngeal temperature was decreased to approximately 23˚C, the clamp was placed in the middle of the descending aorta. The flow rate of the lower body was maintained at 1.5-2.0 l·min -1 ·m 2 during distal clamping. Subsequently, the flow rate in the left axillary artery was reduced to 400-600 ml·min -1 , and the proximal portion of the left subclavian artery was clamped. The region of the aorta just peripheral to the left subclavian artery was opened and transected. A cardioplegic solution was infused through the aortic arch with a balloon cannula. Whenever possible, this cannula was placed in the aortic arch to obstruct the orifices of the brachiocephalic and left carotid arteries during proximal anastomosis (Fig. 1B) . After a single branched graft was anastomosed to the proximal aortic end, perfusion of the upper body via the branch was resumed. The clamp of the left subclavian artery was removed, and the graft was clamped. In the case of replacement of a total aortic arch, perfusion cannulae were inserted into the brachiocephalic and left common carotid arteries after the left subclavian artery was clamped. The nasopharyngeal temperature was maintained at approximately 23˚C during distal anastomosis. When a false lumen was present at the distal thoracic aortic end, especially in the case of DeBakey type IIIb dissection, open distal anastomosis was sometimes necessary. When a 16 -18 mm sizer could be inserted into the distal true lumen, a 5 cm long graft was used as elephant trunk, and the false lumen was closed with a felt strip (Fig. 2) . Thereafter, the distal end of the graft was anastomosed to this reinforced aorta. Otherwise, the graft was anastomosed to both the true and false lumens to prevent malperfusion of the visceral arteries. For the DeBakey type IIIb dissection, more than two thirds of the entire descending aorta was replaced. motor-evoked potentials or somatosensory-evoked potentials were measured during the surgery. During proximal clamping, the evoked potential levels were determined every 5 min. When abnormal evoked potentials were detected, the blood pressure of the upper and lower body was increased. Additionally, the intercostal artery was rapidly revascularized. During open proximal anastomosis, the amplitude significantly decreased in all cases. The Adamkiewicz artery was preoperatively detected using three-dimensional computed tomography (CT). When the Adamkiewicz artery was involved in the aorta to be replaced, 2 or 3 pairs of the intercostal artery connected to the Adamkiewicz artery were reconstructed. Spinal drainage was performed only for a thoracoabdominal replacement.
Definitions
Early mortality was defined as death occurring during the hospital stay. Preoperative renal failure was defined as a creatinine level greater than 1.9 mg·dl defined as a newly developed permanent neurologic deficit confirmed on the basis of the results of magnetic resonance imaging or CT. Postoperative respiratory failure was defined as the need for tracheostomy due to respiratory failure for more than 3 weeks.
Statistical analysis
Statistical analysis was performed using StatView, version 5.0 (Abacus Concepts, Berkeley, CA). Quantitative variables that approximated a normal distribution are presented as mean ± standard deviation. Continuous variables were analyzed using unpaired t tests. Categorical variables were analyzed using Fisher's exact tests. Postoperative survival was analyzed using the Kaplan-Meier method. P < 0.05 was considered to be significant.
Results
Twenty-two patients required open proximal anastomosis (56%), and in the case of these patients, left axillary perfusion was performed. Twenty-four patients (62%) had an open distal anastomosis. Four patients (10%) underwent thoracoabdominal aortic replacement. Two patients (5%) underwent total arch replacement. In 24 patients (62%), grafts were anastomosed to the true lumen of the peripheral aorta. The mean CPB time was 221 ± 112 min. The early overall mortality rate was 3% (1/39). One patient maintained on chronic dialysis died because of postoperative bleeding and multiorgan failure. The entire aorta of this patient was severely calcified. This was the only patient who required re-exploration for bleeding (3%). Permanent cerebral infarction occurred in 2 patients (5%). In one of the patients who underwent open proximal anastomosis; an anomalous left vertebral artery that originated from the aortic arch was observed. In Another patient who had previously undergone hemiarch replacement, the proximal aorta was clamped. Paraparesis occurred in 1 patient (3%) who had experienced cholesterol embolism during the surgery. Postoperative renal failure occurred in 4 patients (10%). Although 1 patient needed transient hemodialysis, he recovered and was discharged. Respiratory failure occurred in 2 patients (5%) ( Table 1) .
Thirty-three patients underwent replacement of the thoracic artery: preoperative characteristics, intraoperative variables, and early outcomes were compared in 18 patients (55%) who underwent open proximal anastomosis versus 15 patients (45%) who underwent proximal clamping. The two procedures did not significantly differ for any of the variables ( Table 2) .
The Kaplan-Meier survival estimates were 91% at 2 years and 88% at 5 years (Fig. 3) . Three patients died of renal failure, heart failure, or ileus during the follow-up period. We operated on two patients with Marfan syndrome for a second time because of an enlargement of the thoracoabdominal aorta.
Comment
The surgical strategy for thoracic aortic aneurysms has dramatically evolved since the advent of endovascular treatment. Although complex and challenging, many centers have selected endovascular management of complicated acute type B dissection as an alternative to open repair. 10) However, the optimal treatment for chronic type B dissection remains controversial. Although early and midterm results show that endovascular treatment is effective, new intimal tears occur at the end of the stent graft because of narrowness and limited flexibility of the true lumen; these tears lead to re-intervention or rupture during the follow-up period. [1] [2] [3] Recently, Xu et al. reported that to avoid a proximal endoleak, the distance between the entry tear and opening of the left subclavian artery should be more than 10 mm. Furthermore, to avoid a distal endoleak, they recommended the use of a tapered stent graft.
2) On the other hand, the use of deep hypothermic arrest during surgical graft replacement is still a standard procedure, despite its being invasive, especially in the radical replacement of the dissection. The in-hospital mortality rate is 5-10%, and paraplegia and paraparesis occur in 2-5% of patients. [4] [5] [6] [7] Less invasive surgical procedures for chronic type B dissection have been clinically performed. The procedure of thromboexclusion for descending aortic dissection was reported in the early 1980s.
11) Aortic tailoring and entry closure have been reported since the early 1990s, but the risks of a newly formed intimal tear and late dilation of the descending aorta have also been reported. [12] [13] [14] Recently, we used a novel surgical technique. The advantage of this technique is that the lowest temperature is higher than the usual temperature during deep hypothermic circulatory arrest. At our institution, the right axillary artery is routinely cannulated for cerebral perfusion inflow during hemiarch or arch replacement through median sternotomy. 15, 16) When open proximal anastomosis was performed through left thoracotomy, the left axillary artery and femoral artery were simultaneously cannulated and perfused. 8) This technique confers protection (Fig. 2) . Furthermore, this novel technique would prevent embolism caused by air and debris from the aortic arch during open proximal anastomosis. The nasopharyngeal temperature was usually maintained at approximately 23˚C during anastomosis. When a minimum temperature of approximately 23˚C is maintained, the total CPB time decreases and impairment of the coagulation system is reduced. In this series, permanent brain infarction occurred in 2 patients. In one of these patients, the left vertebral artery anomalously originated from the aortic arch, which was not detected on the preoperative CT scan because of distension of the false lumen. 17) The anomalous artery was only detected after the aorta was opened. This artery was reconstructed, but not perfused, during anastomosis. For patients with an anomalous left vertebral artery or defect of the Willis ring, 18) selective cerebral perfusion or deep hypothermic circulatory arrest should be performed.
When the diameter of the dissected abdominal aorta was less than 40 mm, only the descending thoracic aorta was replaced. We believe that this strategy is less invasive. A previous study showed that the segment with the fastest growth rate after dissection was the descending aorta, aortic arch, and suprarenal abdominal aorta in 55%, 35%, and 10% patients, respectively. 19) The dissected abdominal aorta probably undergoes enlargement at a slower pace than do the descending aorta and aortic arch. In this series, only 4 patients (10%) underwent replacement of the thoracoabdominal aorta, because the diameter of their abdominal aorta was more than 40 mm. Furthermore, grafts were anastomosed to the distal true lumen of the thoracic aorta, whenever possible. When a 16-18 mm sizer could be inserted in the distal true lumen, a 5 cm long graft was used as an elephant trunk, and the false lumen was closed with a felt strip. This technique was performed to reinforce the aortic end. It is also expected that the false lumen distal to the graft anastomosis will be thrombosed, and enlargement of the distal dissected aorta will be reduced.
9) The elephant trunk can be used for distal reoperations. In this series, two patients with Marfan syndrome underwent distal reoperation 1 year later. Since a narrow distal true lumen was observed during the first operation in the case of these patients, the grafts were anastomosed to both the true and false lumens.
The safety of proximal cross-clamping for chronic type B dissection remains controversial. A number of studies have revealed that proximal cross-clamping causes brain infarction or retrograde dissection; it has also been reported that deep hypothermic circulatory arrest and open proximal anastomosis are more invasive than cross-clamping. 20, 21) In our technique, we clamp the aorta only when a sufficient space between the subclavian artery and proximal end of the aneurysm is available. The clamp was gently placed, and the systolic blood pressure of the upper body was controlled at 80-100 mmHg during cross-clamping. One patient, whose proximal aorta was cross-clamped, experienced brain infarction. The patient had a history of hemiarch replacement because of acute type A dissection. An open false lumen was observed on his distal arch, but it was not dilated. We cross-clamped the distal arch of this patient because he exhibited preoperative renal failure. However, it might be better to perform an open proximal anastomosis for this type of patient.
Although patient numbers were small, the short-and mid-term outcomes of our surgical strategy were excellent. The strategy reported here may be useful for chronic type B dissection and complex redo distal arch repair, though it requires further investigation.
